In previous reports of this series, studies were carried out concerning D-glutamic-aspartic oxidase (1-3) and D-glutamic oxidase (4, 5) , which had been isolated from Aspergillus ustus strain f and Aerobacter strain A, respectively.
When these organisms were grown in a medium containing D-glutamic acid as the sole source of nitrogen, an enzyme responsible for the oxidation of D-glutamate which played a significant role in their growth, was remarkably produced.
However, in peptone-glucose medium the formation of these enzymes was so small, that it was doubtful whether these enzymes are significant in nature.
In order to apprehend the role of these enzymes in nature, it may be necessary to carry out investigations in concern of the existence of these enzymes in the biological world.
In this report, studies are carried out concerning the existence of a Dglutamate oxidizing enzyme in many fungi along with the nature of these enzymes in comparison with the oxidases previously found.
MATERIALS AND METHODS

Materials:
The fungal strains used here were the samples kindly supplied by the Institute of Applied Microbiology, University of Tokyo. DGlutamic acid (for cultivation, ca, 90% pure) were kindly supplied by the Ajinomoto Co. Ltd.
Cultivation medium : The following media were used for the cultivation: D-(L-) Glutamate medium; D-(L-) glutamic acid 0.5%, K2HPO4 0.2% and MgSO4.7H2O 0.1%. D-Glutamate-glucose medium; D-glutamic acid 0.5%, K2HPO4 0.2%, MgSO4.7H2O 0.1% and glucose 2.0%. Peptone-glucose medium; polypeptone 1.0%, glucose 2.0% and MgSO4.7H2O 0.1%.
All media were dissolved in a one to one mixture of distilled water and tap water, and adjusted to pH 5.0.
Measurement of oxidase activity. The oxidase activity was measured with a Warburg Respirometer at 30°C using a frozen mycelium as the enzyme preparation.
Previously, it was observed that fungal endogenous respiration
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could remarkably be depressed without affecting oxidase activity towards D-amino acids by freezing the mycelium at -20°C for a few hours (1) . Therefore, it is considerded an adequate method to use a frozen mycelium for the purpose of this study.
EXPERIMENTAL RESULTS
The growth of various fungi on D-or L-glutamate medium. Various fungi were inoculated on both D-and L-glutamate media, and the rate of growth on both media was compared.
The results are shown in Table 1 . Most of all the fungi tested could grow on the medium containing D-glutamate as Table 1 . The growth of fungi on D-or L-glutamate medium.
the sole source of carbon and nitrogen.
Above all, several strains belonged to Aspergillus and Penicillium, and a greater part of the Monascus strains tested were found to grow on D-glutamate medium as well as L-glutamate medium.
Since the main pathway of D-glutamate metabolism was considered to be an oxidative deamination to giving rise to x-ketoglutarate in these strains, an oxidase activity towards D-amino acids was measured using a number of these strains.
The oxidative activities of various fungi towards D-glutamate and other amino acids. The mycelium grown on D-glutamate-glucose medium for 3-4 days, was washed with water, frozen at --20°C for 3 hours, and then was employed the following experiments. Table 2 shows the oxidative activity of various fungi towards D-glutamate, D-aspartate, D-alanine and L-glutamate. Two strains of Aspergillus ustus which were tested, as well as strain f, were found to possess remarkable oxidizing activity towards D-glutamate and D-aspartate.
Most of the other organisms could also oxidize D-asparatate as rapidly as D-glutamate, even when these organisms were grown on the medium containing D-glutamate as a sole source of nitrogen.
This fact suggests that these organisms possess D-glutamic-aspartic oxidase as in the case of Aspergillus ustus strain f (1-3). While, on the other hand, Aspergillus oryzae group showed no activity towards D-aspartate, indicating the occurrence of a specific D-glutamic oxidase. The remarkable D-alanine oxidizing activity shown in Table 2 , seemed to be due to the action of a non-specific D-amino acid oxidase.
As shown in Table 3 , similar results were also obtained using the organisms grown in peptone-glucose medium, though their activities were very weak.
It is of interest to mention that the oxidizing activity towards D-alanine was remarkably decreased in comparable with that towards D-glutamate in the absence of D-glutamate in the medium. From this fact, it is suggested that there may be some relationships between the metabolism of D-glutamate and that of D-alanine. However, transaminase activity between D-glutamate, D-aspartate and D-alanine could not be detected in the frozen mycelium.
D-Amino acid oxidase and D-glutamic oxidase in Aspergillus oryzae group. As it has been previously pointed out, a remarkable oxidase activity towards D-glutamate and D-alanine was observed in the mycelium of Aspergillus oryzae group. Therefore, it was necessary to determine whether or not D-glutamate and D-alanine were oxidized by the same enzyme.
The mycelium of Aspergillus oryzae A grown on D-glutamate-glucose medium was ground with aluminum oxide in a mortar and centrifuged.
The supernatant solution was used as a crude enzyme preparation. Table 4 shows the relative rate of oxidation of various DL-amino acids by this enzyme preparation. Though the frozen mycelium of Aspergillus oryzae A could oxidize (one-stepwise) D-glutamate as rapidly as D-alanine, the cell-free preparation oxidized D-alanine four-times as rapidly as D-glutamate, indicating the high insolubility of the oxidizing activity towards D-glutamate.
The relative rate of oxidation of various DL-amino acids by this preparation indicates that these amino acids (including D-alanine) are oxidized by a non-specific ID-amino acid oxidase.
On the other hand, the nature of oxidative activity towards D-glutamate was studied using the frozen mycelium, because it was found difficult to extract this activity. Table 5 shows the stiochiometry of D-glutamate oxidation by the frozen mycelium, indicating the occurrence of the following Then, by using this crude enzyme preparation, the rate of oxygen uptake was measured under such a condition that the enzyme was saturated with each of the following substrates;
(1) D-glutamate, (11) D-aspartate, and (111) D-glutamate plus D-aspartate.
As shown in Table 8 , the rate of oxygen consumption for each solution of substrate was quite identical.
Supposing, D-glutamate and D-aspartate were oxidized by different enzymes, the rate for (111) is the sum of rates for (1) and (11), even when the enzyme is saturated with the substrate. Therefore, it may be reasonable to conclude that this fungus possesses D-glutamic-aspartic oxidase which is similar to that found in Aspergillus ustus strain f.
DISCUSSION
It is apparent from the results described above that two different enzymes are responsible for the oxidation of D-glutamate in fungi, i. e., D-glutamicaspartic oxidase and D-glutamic oxidase.
In respect of D-glutamic-aspartic oxidase, minute studies have been described in our previous papers (1-3), using Aspergillus ustus strain f. On the other hand, specific D-glutamic oxidase has been observed in Aerobacter by Izaki et al (4, 5) in our laboratory.
From many respects such as thermal instability or the difficulty in extracting an enzyme, it may be reasonable to conclude that the D-glutamic oxidase found in Aspergillus oryzae is similar to that of found in Aerobacter. Besides the papers described above, several studies have been carried out concerning the enzymatic oxidation of D-glutamic acid; for example, these on rabbit kidney by Still and Spering (6), on Mycobacterium by Ito et al (7), and on Molluscan liver by Blaschko and Hawkins (8) . Consequently the following question naturally occurs: the reason of existence of these enzymes in nature, namely, the role of these enzymes in the biological world. This question may also be applicable to the case of non-specific D-amino acid oxidase.
To clarify this point, it is necessary to study on the occurrence of D-glutamic acid as well as the other D-amino acids in nature.
In parallel with the enzymatic studies described above, the occurrence of D-glutamic acid and other D-amino acids has been found in many natural materials, such as bacterial capsules, cell walls, spores and antibiotics (9) . However, these D-amino acids seem to not always exist throughout the life cycle of bacteria, but appear only certain stages and disappear in other stages. Therefore, a number of relationships might be suggested between quantitative changes of D-amino acid and corresponding oxidase activity.
To be in a position to discuss about the role of D-amino acid oxidases more precisely, further studies are necessary.
The author wishes to express his sincere appreciation to Proff esor Kinichiro Sakaguchi for his kind guidance throughout this work. SUMMARY 1. Most of the fungi tested in this study were found to be able to grow on D-glutamate medium (containing D-glutamate as the sole source of carbon and nitrogen).
Several strains of them, belonging to Aspergillus, Penicillium or Monascus, could grow on D-glutamate medium as rapidly as on L-glutamate medium.
2. In these fungi, two types of D-glutamate oxidizing enzyme were found; the one was a specific D-glutamic oxidase and the other was a Dglutamic-aspartic oxidase. 3. Most of fungi tested were found to possess D-glutamic-aspartic oxidase, whereas, fungi belonging to Aspergillus oryzae possessed a specific D-glutamic oxidase.
4. These D-glutamate oxidizing enzymes were remarkably formed when the fungi were grown on D-glutamate containing medium, whereas a little enzyme activity was observed in fungi grown on a peptone-glucose medium.
5. The physiological significance of D-amino acid oxidizing enzymes are discussed here.
